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Study of rat renal brush border membrane vesicles by flow cytometry.
The rich heterogeneity of renal tubular membranes and cells continues
to provide formidable challenges in the isolation of homogeneous
membrane vesicle populations for study. The present study applies flow
cytometry, the technique of fluorescence-activated cell sorting, to the
study of brush border membrane vesicles. Direct comparison was made
of enzymatic marker purity of rat renal cortical brush border membrane
vesicles prepared by divalent ion precipitation, or flow cytometry
sorting. Flow cytometry sorted membrane vesicles were characterized
by greater brush border membrane markers, no detectable mitochon-
drial or basolateral markers, and greatly reduced Golgi and lysosomal
markers. The flow sorted membrane vesicles were functional for
transport studies as they took up at least as much 3H-proline and
3H-glucose per mg protein as divalent ion precipitation membrane
vesicles, Preparation of membrane vesicles from superficial and deep
cortex allowed us to image the different distributions of y-glutamyl
transferase in membrane vesicles from these areas. Hence, membrane
vesicle populations of exceptional purity can be separated according to
fluorescent markers using flow cytometry. High speed observations on
large numbers of individual vesicles allows identification of subpopula-
tions, and statistical comparison, within a single heterogeneous sample.
As renal tissue is homogenized, a critical size threshold is
crossed below which the membrane fragments spontaneously
vesiculate [I]. Membrane vesicle preparations enriched for
brush border, basolateral or endosomal membranes have facil-
itated study of the cellular polarity and molecular mechanisms
underlying renal tubular transport of fluid and electrolytes
[2—5].
Membrane transport processes play a dominant role in the
physiology of salt and water balance. Kleinzeller [21 recently
developed the theme that the major current limitation to our
understanding of renal tubular transport mechanisms is the
heterogeneity within membrane vesicle preparations. Even the
purest membrane preparations available, brush border mem-
brane vesicles prepared by divalent ion precipitation, remain
heavily contaminated with basolateral and other membrane
fractions. When membranes are prepared from brush and
basolateral membranes in parallel by sucrose density centrifu-
gation, the enrichment in brush border enzyme markers is only
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half that achieved by divalent ion precipitation methods [6].
Using counter current distribution techniques, Mircheff et al [7]
demonstrated at least four populations of vesicles in conven-
tional brush border membrane preparations, including popula-
tions derived from nonluminal membrane structures. New
methods for separation of purer membrane populations would
reduce a major source of uncertainty in quantitative interpreta-
tion of transport studies [8].
Similarly, contemporary transport studies do not adequately
address the question of axial heterogeneity of renal proximal
tubular transport [4, 5, 9]. The pars recta is functionally and
structurally diverse from the proximal convoluted tubule, and is
postulated to play an important role in the regulatory action of
intrarenal hormone systems in conditions such as mineralocor-
ticoid escape [9]. To delineate the pathophysiological mecha-
nisms of proximal tubular transport heterogeneity requires
effective new methods to isolate vesicles according to proximal
tubular subsegmental origin.
In studies of whole cells, flow cytometry has provided
analytical, separative, and kinetic methods of unrivalled speed
and accuracy [10—12]. Flow cytometry [10, 12] is a process in
which individual particles pass in single file in a fluid stream by
a sensor which measures fluorescent markers of physical or
chemical characteristics of the particles at rates of 1 to 10
thousand particles per second. Flow sorting employs electrical
means to divert particles with preselected characteristics from
the main stream, isolating populations with more homogeneous
characteristics than can be obtained by any other means.
Two properties of flow cytometry distinguish it from other
methods, and underlie the potential usefulness for studying
renal membrane vesicles [10, 12]. The first property is the
ability to separate particles such as membrane vesicles accord-
ing to specific fluorescent markers rather than size or density.
The second property is the ability to observe large numbers of
particles seriatim at high speed. This allows imaging, quantita-
tion, and statistical comparison of heterogeneous vesicle pop-
ulations within a single preparation.
Flow cytometry has not previously been applied to the study
of renal membrane vesicles, due to their small size. However,
there are several precedents for the study of submicron and
subcellular particles by flow cytometry. Hercher, Mueller and
Shapiro [13] established quantitative analysis of particles in the
submicron size range by reducing the observation volume to
allow separation of viruses by flow cytometry. Murphy and
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associates have established the utility of flow cytometry for the
study of subcellular organelles in an elegant series of papers on
endocytic pathways [14, 15]. Modelling on these studies, we
report successful imaging, analysis, and sorting of functional
renal brush border membrane vesicles by flow cytometry.
Methods
Animals
Sprague-Dawley rats of either sex weighing 200to 225 g were
kept in temperature controlled rooms with access to Purina rat
chow and water ad libitum.
Renal vesicle preparation
Renal membrane vesicles were prepared by a modification
[16] of the method of Booth and Kenny [1]. Buffer containing
150 mM KC1 and 25 mri MES was freshly prepared. The pH was
titrated to 5.0, the optimum for y-glutamyl-transferase (GGT)
probe trapping, with HC1. Rats were anesthetized with intra-
pentoneal pentobarbital, the right kidney rapidly removed, and
washed in the same buffer. The cortex was harvested and
minced with fine scissors. Homogenization was performed on
ice in 20 volumes buffer, with four passes of a tight-fitting Teflon
pestle in ground glass, followed by three 30-second bursts of a
Polytron homogenizer. Aliquots for divalent ion precipitation
had 1 ml of 1 M MgCl2 added per 100 ml of homogenate.
Differential centrifugation was performed at 2000 g for 10
minutes, and the supernatant at 35000 g for 20 minutes. The
pellet of membranes was resuspended in I ml assay buffer with
a Dounce hand homogenizer. Aliquots of membranes prepared
in parallel without MgC12 are referred to as "mixed membrane"
throughout the text. Following differential centrifugation mixed
membrane vesicles were stained for origin and sorted by flow
cytometry.
y-Glutamyl-transferase probe
GGT was labelled by the method of Dolbeare and Smith, and
Smith and Van Frank [17, 18]. The fluorogenic substrate
L-y.glu-4-methoxy-B-naphthylamine (L-y.glu-4-MNA; Enzyme
System Products, Livermore, California, USA) was cleaved
specifically by GGT to free the fluorochrome 4-MNA. In the
presence of 5-nitrosalicaldehyde (5-NA) at pH 5.0, free 4-MNA
was almost instantaneously trapped and precipitated. The prod-
uct of 4-MNA and 5-NA was fluorescent in the visible spec-
trum, excited at 488 nm with a broad emission spectrum from
510 nm through 680 nm [18]. We incubated 25 to 100 d aliquots
of mixed membrane vesicles (2.0 0.2 mg protein/mI) in 1 ml of
buffer containing 1 mmol L-y-glu-4-MNA and 1 mmol 5-NA for
two to four hours at room temperature.
Flow cytometry
Flow cytometric analysis was performed on a Becton Dick-
inson FACS IV, using a Consort 30 computer. Excitation was
performed at 488 nm using a 160B Spectra Physics Argon-ion
laser. Emission was measured at 530 nm and 580 nm with 30 nm
band pass filters using photomultipliers and logarithmic ampli-
fication. Forward scatter was measured with a photodiode and
linear amplification through a 0.1 neutral density filter. Side
scatter was measured with a photomultiplier tube, and linear
amplifier, without a neutral density filter.
Conditions were optimized for small particles [13, 14]. Side
scatter was the threshold gating parameter. The observation
volume was reduced by careful focusing of the laser beam on
the observation point, and using minimal sample core diameter,
by minimizing sample to sheath differential pressures. Vesicle
sorting experiments were performed on a Coulter Epics V flow
cytometer with a Coherent 90/6 Argon-ion laser configured as
for analysis experiments above (sorts for membrane purity) or
the Becton-Dickinson FACS IV as above (sorts for radioactive
uptake).
Enzyme marker analysis
Total protein was first measured on all samples using Peter-
son's modification of the micro Lowry method [19]. Samples of
equal protein content were run in parallel for other assays.
y.Glutamyl transferase was measured by the kinetic cleavage of
glutamyl-p-nitroanilide [20]. The brush border membrane
marker, maltase, was measured by generating glucose from
maltose, then glucose oxidase and 0-dianisidine assay of glu-
cose [21]. Na-K-ATPase, a basolateral membrane marker, was
assayed as the ouabain sensitive release of inorganic phosphate
from adenosine triphosphate [22, 23]. Thiamine pyrophos-
phatase, a Golgi marker, was measured by phosphate release
from cocarboxylase [24, 25]. Phosphate was measured by the
Tausky and Shorr method [26]. Succinate dehydrogenate, a
mitochondrial marker, was based on succinate-2-(p-indophen-
yl)3-(p-nitrophenyl)-5-phenyltetrazolium-reductase [261. Acid
phosphatase, a lysosomal marker, was measured by hydrolysis
of p-nitro-phenyl phosphate [27].
Preliminary experiments were performed to confirm that the
fluorescent GGT marker did not interfere with colorimetric
assay of enzyme markers. Brush border membrane vesicles
were prepared from five rat kidneys and enzyme marker anal-
ysis on aliquots with and without GGT probe directly com-
pared. There was a significant correlation with P < 0.01 for
each assay tested.
Brush border membrane vesicle transport studies
Brush border membrane vesicles were prepared by divalent
ion precipitation and flow cytometry sorting techniques. The
membrane vesicles were prepared in parallel from each rat
kidney, so that aliquots of the same primary homogenate were
utilized for the different membrane preparation techniques.
Membrane vesicles were frozen at —70°C pending transport
studies. Uptake of [3H]-proline or [3H]-glucose by isolated
brush border membrane vesicles was measured by rapid filtra-
tion techniques as previously described [2, 16]. In summary,
aliquots of brush border membrane vesicles were suspended in
a medium containing 100 mrt sucrose, 100 mrvi NaCI, 5 mM
MES (pH 7.4) and either 0.025 mr's [3H]-proline or 0.05 mM
[3H]-glucose (final concentrations). Uptake at 37°C was termi-
nated at various times by addition of ice-cold 135 mr's NaCL, 10
m arsenate, 5 mM MES (pH 7.4). In each brush border
membrane preparation the uptake of solute was measured in
triplicate for each time point, and the mean entered as n = 1.
Brush border membranes prepared by divalent ion precipitation
and flow cytometry sorting from the same kidney were run on
the same day, sharing the same reagents to minimize effects of
interassay variability. Filters were dissolved in S ml Scintiverse
II (Sigma Chemical Co., St. Louis, Missouri, USA) and radio-
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activity counted in a Beckman LS 7000 Liquid Scintillation
counter (Beckman Instruments, Fullerton, California, USA).
Statistics
Statistical analysis was performed by one way analysis of
variance (ANOVA), and Scheffe's post-hoc comparison. Data
are expressed as mean standard error. Kolgomorov-Smirnoff
(KS) summation curves [28, 29] and statistics were performed
for comparison of superficial and deep populations within each
rat.
Results
Panel A of Figure 1 shows the results of a two hour incuba-
tion of mixed membrane vesicles with the GGT activity probe,
L-y-glu-4-MNA in the presence of the trapping agent 5-NA. The
number of vesicles is plotted against 580 nm fluorescent emis-
sion, as an index of GGT activity. Controls included are
vesicles without any probe, and the L-y-glu-4-MNA and 5-NA
components separately. Distributions were constructed by in-
terrogating 10,000 vesicles individually as they passed seriatim
through the observation point. Autofluorescence of the un-
stained control vesicles appears as a bell-shaped distribution at
the left low fluorescence end of the abscissa. Vesicles incubated
with GGT probe resolve two populations, a negative population
overlapped by the controls, and a larger positive population
separate from the controls.
Having established that separate GGT positive and negative
vesicles populations could be imaged by flow cytometry, we
varied the incubation conditions in an attempt to optimize
separation of vesicle populations. Figure lB shows the results
of a four hour incubation of vesicles in GGT probe, on the same
axes as Figure lA. While controls still overlapped the negative
population, this incubation was optimal for separation of pop-
ulations, and was adopted for all subsequent experiments.
Subsequently, the sort mode of the flow cytometer was
utilized to sort the GGT positive vesicles from the mixed
membrane populations. Gating on the above distribution (Fig.
1B) vesicles were sorted from mixed membrane populations in
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Fig. 1. Flow cytometric imaging of renal cortical
membrane vesicle populations. Panel-by-panel
description and explanation are in the Results
section. Symbols are: A, (—) blank; (. . . ) 4
MNA; (*') 5-NA; (---) GGT; C, D, F, (—)
superficial; ( . ) deep.
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Table 1. Comparison of enzyme activities in renal membranes prepared by various separative techniques
Cortical Mixed Flow
Enzyme activity/separative techniques homogenate membranes Divalent ion cytometry
yG1utamyltransferasea (brush border)
Alkaline phosphatasea (brush border)
Maltasea (brush border)
NaKATPasea (basolateral)
Succinyl dehydrogenasea (mitochondrial)
Acid phosphatasea (lysosomal)
Thiamine pyrophosphatasea (Golgi)
4.4 0.4
0.9 0.1
9.3 0.4
3.6 0.6
50.4 9.3
42.6 5.4
20.0 5.2
17.1 1.9"
3.8 0.5"
45.3 34b
22.9 5.1"
43.7 4.1
558.5 57.5"
213.8 44.1"
24.9 53"
10.4 16b
156.1 264b
6.8 1.3''
10.8 1.5"
66.6 6.2"
71.0 40.2"
36.8
15.9 1.9"°
163.2 131b
0.0
0.0 00b,c
19.1 16b.c
4.3 26b,c
a Units for enzyme markers per mg protein are: y-glutamyl-transferase, smol p-nitroaniline/min; alkaline phosphatase and acid phosphatase,
sigma units; maltase, sg glucose/30 mm; Na-K-ATPase and thiamine pyrophosphatase, n inorganic phosphate/30 mm; succinyl dehydrogenase,
mU/hr.
bp < 0.05 compared to cortical homogenate by ANOVA and Scheffe's post-hoc comparison, means SEM of experiments in 5 rats
Divalent ion compared to flow cytometry by Scheffe's post-hoc comparisons
each of five rats. The resulting purified vesicle populations were
analyzed for subcellular enzyme content, as summarized in
Table 1. Flow cytometry purified populations were compared to
the cortical homogenate, the mixed membranes, and aliquots of
homogenate treated by magnesium divalent ion precipitation.
The flow cytometric purified vesicles had greater enrichment
in the brush border markers, y-glutamyl-transferase and alka-
line phosphatase than divalent ion precipitation membranes.
The flow cytometric membranes had no detectable Na-K-
ATPase activity, a basolateral membrane marker, or succinate
dehydrogenase, a mitochondrial marker. Thiamine pyrophos-
phatase, a Golgi marker, and acid phosphatase, a lysosomal
marker, were reduced 97 and 98%, respectively, compared to
mixed membranes, while divalent ion precipitation only re-
duced these markers 88 and 67%.
To test whether flow cytometry sorted vesicles were func-
tional for transport studies, a direct comparison was made of
the sodium gradient dependent uptake of 3H-proline and 3H-
glucose in brush border membrane vesicles prepared in parallel
by divalent ion precipitation and flow cytometric sorting tech-
niques (Table 2). Uptake of 3H-proline per mg protein was
significantly greater in flow sorted membrane vesicles than
divalent ion membrane vesicles at 15 and 30 seconds. The
differences were abolished when the initial uptake values
("overshoot") were normalized for the 120 minute equilibrium
point. Uptake of 3H-glucose paralleled the value for 3H-proline,
with numerically greater uptake in flow sorted membrane
vesicles, but statistical significance was not achieved.
To determine whether the differences in GGT activity in the
positive vesicles in Figure lB were due to vesicle origin, we
incubated vesicles prepared by shaving the outer (superficial)
and inner (deep) cortex, known to enrich for low GGT early
proximal convoluted (Sl) or high GGT pars recta (S3) subseg-
ments, respectively [4, 21, 30] (Fig. IC). The superficial and
deep vesicles form separate curves. Averaged GGT activity
results for six rats measured by GGT fluorescence on the flow
cytometry and enzymatic assay of membrane aliquots, are
shown in Table 2. Alternatively, as flow cytometry interrogates
each vesicle individually, the distributions of the 10,000 col-
lected events can be compared for superficial and deep vesicle
populations in each rat by Kolgomorov-Smirnoff (KS) summa-
tion curves [28]. Kolgomorov-Smirnoff (KS) summation curves
were constructed for each rat, as shown in Figure 1D. The
Table 2. Transport of 3H-proline and 3H-glucose in brush border
membrane vesicles prepared by various methods
Divalent ion Flow cytometry
precipitation sorted membranes(N=5) (N=5)
pmol/mg protein
[3H]-proline uptake
15 s 739 228k 2708 720"
30s 589± 118 2556÷5b
120 mm 1747 567 4265 1281
%M5s° 47 16 50 12
%30s° 34 2 68 13
[3H]-glucose uptake
15s 400 111 1328 803
30s 761 226 1566 1130
120 mm 790 138 1564 493
%M5sc 53 13 95 51
%30sc 89 19 115 72
a Data are mean SEM of experiments in 5 rats; flow cytometry
sorted and divalent ion membrane vesicles were paired, prepared in
parallel from the same kidneys
b Significantly different from corresponding divalent ion value (P <
0.05) by paired (-test
' Ratio of initial uptake ("overshoot") expressed relative to 120-
minute equilibrium point
results were significantly different, both by analysis of variance
for the grouped data, and KS curves in each rat.
Forward scatter curves were examined in the superficial and
deep vesicle populations as an index of vesicle size [10, 141.
Figure 1E shows that the superficial and deep size curves
overlap, as did the KS summation curves (data not shown).
Whether we consider the grouped size data for six rats (Table
3), or the KS curves in each rat, there was no detectable size
difference between superficial and deep vesicle populations.
A 90° side scatter, an index of vesicular granularity or
complexity [8, 14], is shown for the superficial and deep vesicle
populations in Figure iF. The deep vesicles are more granular
both by grouped data (Table 3) or KS summation curves in each
rat (data not shown). This confirms that there are structural as
well as functional GGT differences between superficial and
deep vesicle populations, even though there is no demonstrable
difference in size.
Discussion
The rich heterogeneity of renal tubular membranes and cells
continues to provide formidable challenges in the isolation of
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Table 3. Flow cytometric and enzymatic properties of renal
membrane vesicles prepared by shaving the superficial and
deep cortex
Superficial cortex Deep cortex
Membrane vesicles
Flow cytometer data
(relative fluorescence
channels)
y-Glutamyl-transferase 522 130 2259 468k
Forward scatter 22.5 1.7 24.6 2.4
Side scatter 49.3 3.6 90.3 5.3
Enzyme markers
p.,nol p-nitroaniline/min
y-Glutamyl-transferase
Cortical homogenate 62.4 10.3 72.9 15.5
Divalent ion membranes 325.1 37.6 904.9 158.9°
homogeneous membrane vesicle populations for study [2, 7, 8].
This study provides evidence that flow cytometry can be
adapted to the study of renal membrane vesicles despite their
small size. While not without limitations, flow cytometry offers
some major advantages over conventional methods of mem-
brane vesicle purification and study (Table 4).
The first major advantage of flow cytometry is its unique
ability to separate vesicles according to fluorescently marked
parameters [10, 12]. We chose brush border membrane vesicles
as our initial membrane vesicle population to purify because of
their physiological importance [2, 31, and the ready availability
of divalent ion precipitation membranes as a rigorous standard
for comparison. The technique of divalent ion precipitation
yields the purest brush border membranes currently available
for study [2—4, 16].
GOT was chosen as our flow cytometry fluorescent gating
probe as high activities are largely confined to the brush border
[2, 4, 21], it is present throughout the brush border, and has a
13.5-fold gradient from the early proximal convoluted Si sub-
segment to the pars recta S3 subsegment [20]. Gating on the
enzymatic GOT probe, membranes of exceptional purity were
isolated by flow cytometry. There was significantly more of the
brush border enzyme markers y-glutamyl-transferase and alka-
line phosphatase in the flow cytometry sorted membranes
compared to divalent ion precipitation membranes. In contrast
to divalent ion membranes which were enriched for basolateral
Na-K-ATPase, and still heavily contaminated with mitochon-
drial and Golgi markers, flow cytometry-sorted membranes
retained no detectable basolateral or mitochondrial markers,
and only a trace of Golgi and lysosomal contamination.
Furthermore, the flow cytometry sorted membrane vesicles
were functional for transport studies. We made a direct corn-
pan son of the sodium gradient-dependent uptake of proline and
glucose by rapid filtration techniques in brush border membrane
vesicles prepared in parallel by divalent ion precipitation and
flow cytometric sorting. The flow cytometry sorted brush
border membranes have at least as much sodium gradient-
dependent proline and glucose uptake as divalent ion precipi-
tation membranes. The slightly greater uptake of solutes in flow
sorted membrane vesicles likely reflects the presence of more
Table 4. Advantages and disadvantages of flow cytometric analysis
and purification of brush border membrane vesicles
Advantages
I. Established for brush border membrane vesicles
1. Allows analysis and separation of membrane populations
according to fluorescently marked parameters
a. allows physical separation of membrane populations
of exceptional purity
b. purified membrane vesicles are functional
2. Observations of large numbers of individual particles allow
identification of subpopulations of vesicles and statistical
comparison within a single heterogeneous sample
a. simultaneous multiparameter data collection, with
real-time or post-hoc data handling
b. statistical software for handling flow cytometric data
freely available
c. large numbers of observations possible (= 10,000
particles/sec) allowing high statistical power
II. Potential (established for other particles)
1. Collection of computer clock time of particle observation
as a parameter allows generation of kinetic curves for
transport and other studies
2. Populations studied only limited by availability of
fluorescent probes
Disadvantages
I. Requires expensive equipment
2. Requires substantial purification time for modest
membrane protein yield
3. No improvement in spatial resolution within each particle
abolished when data is normalized for 120-minute equilibrium
uptake values.
The second major advantage of flow cytornetry is that high
speed observations on large numbers of individual particles
allows identification of subpopulations of vesicles and statistical
comparison within a single heterogeneous sample.
The GOT activity in the populations of membranes imaged
showed marked heterogeneity. We tested whether this hetero-
geneity of GOT activity reflected the 13.5-fold axial gradient of
GGT along the proximal tubule from Si to S3 [20]. Brush border
membrane vesicles were prepared from the superficial and deep
cortex of the rat kidney known to enrich for early proximal
convoluted (Si) and pars recta (S3) subsegments of the proxi-
mal tubule, respectively [4, 30]. The hypothesis that vesicle
populations prepared by shaving the superficial and deep cortex
would have significantly different GOT distributions was con-
firmed by flow cytornetry.
In studies of superficial and deep membrane vesicles using
rapid filtration of radioisotopes, a greater equilibrium uptake in
deep compared to superficial vesicles [2, 4] suggests that deep
vesicles are larger than superficial vesicles. To investigate the
effects of vesicle size on GOT fluorescence, we compared the
size distributions for the superficial and deep vesicles popula-
tions. No difference in vesicle size was demonstrable. How-
ever, on our flow cytorneter particle size is measured by a
photodiode, much less sensitive than a photomultiplier tube,
and the small size of membrane vesicles exaggerates this
problem. Hence, vesicle size is too small to measure by current
techniques. However, there was significantly more 90° side
scatter, an index of particle granularity in deep compared to
superficial vesicles, showing that, as well as the GOT functional
differences, there are demonstrable structural differences in our
a p < 0.05 superficial compared to deep cortex by paired 1-tests mean
SEM for 6 rats
luminal brush border membrane vesicles, as differences are vesicle populations.
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Hence, flow cytometry allows simultaneous multiparameter
data collection, with real-time or post-hoc data handling. Sta-
tistical software for handling flow cytometric data is freely
available, whether observed distributions are parametric or non
parametric [28]. The speed and throughput of the flow cytom-
eter (10 to 20,000 particles/second) allows large numbers of
observations for high statistical power.
Flow cytometry is not without disadvantages. Firstly, flow
cytometers are exorbitantly expensive to buy and maintain. The
complex arrangement of lasers, fluorescence optics, fluidics,
electronics, and computing offers many potential mishaps.
Secondly, substantial purification time is required for modest
protein yields. We sorted at =3,000 vesicles/second to yield 3
.tg purified protein/minute. By employing faster sorting soft-
ware, such as the Cicero/Cyclops system [30, 31], rates as high
as 20,000 particles/second can be achieved, for a projected 20
g proteinlminute. The yield of purified particles is complex,
because as sorting speed increases, so does particle coinci-
dence, where the machine sees two particles in the sorting
windows at once and aborts. A balance must be achieved
between a slower sort in which nearly all the particles of
interest are captured, and a faster sort with more sample
wastage but higher yield. We captured 78% of the expected
amount of protein applied to the cytometer as brush border
membrane vesicles, when the protein concentration applied and
the number of brush border positive vesicles imaged optically
were calculated.
A further disadvantage of flow cytometry is that it takes an
average reading of fluorescence for each particle. It is not
designed as a technique to examine the spatial distribution of
fluorescence within the particles.
There are many potential uses for flow cytometry in the
purification and analysis of renal membranes and cells. A
variety of freely available markers of known specificity, including
antibodies [32, 33], lectins [34], and enzymes [35], may permit the
study of many other populations of membranes and cells.
The recent introduction of computer clock time of particle
observation as a parameter [36], and sample line modifications
to greatly reduce dead time [37], allow online flow cytometric
kinetic analysis of parameters such as calcium flux [36], enzyme
activity [11] and pH [38]. If flow cytometry can be adapted to
the online kinetic analysis of membrane vesicle transport only
tiny amounts of tissue will be necessary for transport analysis.
The modest quantities of protein handled by the cytometer will
then become a major advantage, as transport studies can be
performed on tiny samples, possibly even renal biopsies.
In conclusion, flow cytometry allows separation of mem-
brane vesicle populations according to fluorescently marked
parameters. The high speed observations on large numbers of
individual particles permit identification of subpopulations of
vesicles and statistical comparison within a single heteroge-
neous sample.
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